Purpose. The research supposes the explanation of influence of stress impulses from an electrical discharge in water on the level of the limited endurance at a cyclic loading of the thermally work-hardened carbon steel. Methodology. Material for research was steel 45 (0,45 % carbon) with сoncentration of chemical elements within the limits of steel composition. Specimens for tests are made as plates in 1 thick, width 15 and length 120-180 mm. The structural state of steel corresponded to quenching on a martensite from the normal temperatures of annealing and tempering at 300 C, duration of 1 h. Microstructure was investigated with the use of electronic microscopy, the density of dislocations was estimated on the methods of X-ray analysis. Hardness was measured on the method of Rockwell (scale of «C»). A cyclic loading was carried out in the conditions of symmetric bend on a tester «Saturn-10» at a temperature +20 C. The treatment by shock voltage from the electrical discharge was carried out in water on setting of bath type «Iskra-23», used for cleaning of castings manufactures. Electric impulses were formed at 15-18 kV with energy of 10-12 kJ and amplitude of 1-2 GPа. Findings. As a result of processing pulses of a pressure wave of heat-strengthened steel 45 found the increase of endurance under the cyclic loading corresponds to an increased amount of accumulated dislocations on the fracture surface. The use of Coffin-Manson Equation allowed finding the decrease of deformation per cycle of loading as a result of arising stress from an electrical discharge in water. On the fracture surface (after pulse exposure) was found the increased number of dislocations, located in different crystallographic systems, that is a testament to the rather complicated development of dislocation transformations in the structure of steel, which provide an increase of endurance at a fatigue. The increase of the limited endurance became as a result of impulsive treatment largely related with the number change of mobile dislocations. For the area of low-cyclic fatigue the growth of amplitude of loading is accompanied with the decrease of distinction in the values of the limited endurance (before and after the treatment of shock voltage). Originality. For the field of high-cycle fatigue, the result of shock voltage of carbon steel with the structure of the improvements, the increase of limited endurance is accompanied with a decrease in deformation per cycle. As far as growth of amplitude of stress cycle the effect of increase of endurance from treatment of metal by the shock voltage declines. Practical value. Treatment of metal by the impulses of pressure waves from an electrical discharge in water can be used for the time extending of exploitation details of the rolling stock, which are subjects of the cyclic loading.
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Introduction
Regardless of the circuit loading, the observed changes of the internal structure of metal materials are determined largely by the conditions of deformation. At a constant temperature and the appearance of the loading cycle, depending on the magnitude of amplitude exceeding the endurance limit, the qualitatively different structural changes in metallic materials are observed [2] . For the fields of little or a high cycle fatigue the increase in the dislocation density and their redistribution, the number keeping of dislocations in a non-blocking state are among the major factors that determine stock endurance metal [14] . On this basis, the use of external influences such as the introduction of additional harmonics in the loading cycle, or intermediate treatments, for example by passing an impulse of electric current [6, 10] , can significantly change the processes course of structure formation development under the cyclic loading.
The state of the question
The technology of processing metal materials using a shock wave, with relative ease of implementation, was widely adopted. [4] . This technology allows to solve difficult tasks, such as deformation in the manufacture of large-size products, their hardening or welding of the individual elements construction. The achieved effect has an explicit dependence on the threshold voltage with the passage of the shock wave in the metal, depending on the level of disposable energy input, or pulse resulting voltage [7, 13] , their amount, the achieved effect has an explicit dependence on the threshold voltage with the passage of the shock wave in the metal. Moreover, as the experience of use said the impulse treatment to harden metal, the achieved result in several times may exceed the effect of equivalent plastic strain [4, 12] .
Known experimental results [4, 5] indicate that the process of hydraulic shock encountered when forming an electric discharge in the liquid the achieved effect for most of metal materials is adequate hardening. On this basis it is quite natural to expect the increase in the number of crystalline structure defects. The results of studies that indicate a qualitatively different influence of the parameters of the specified impulsive loading have a particular scientific and practical interest. Thus, in [4] it is shown that the increase of the amplitude of the emerging pressure wave largely determines the increase in the number of dislocations and increase the pulse duration at constant amplitude mainly affects on the process of displacement.
There is almost no information on the influence of energy and number of pulses on several properties, including enduring quality of metal under the cyclic loading, except the known restrictions on the use of the technology shock pulse processing in the manufacture of certain products [5] .
Purpose
Explanation of the effect of the resulting voltage pulses from electric discharge in water on the magnitude of the limited endurance of thermally hardened carbon steels under cyclic loading.
Methodology
The research material was steel 45 (0.45% of carbon) with the concentration of chemical elements within the grade composition. The test specimen produced in the form of plates thickness 1, width 15 and a length 120-180 mm. Structural state of steel corresponded to quenching on martensite from the normal heating temperatures and annealing at 300 C, with duration of 1 h. The microstructure was investigated using the electron microscopy; the dislocation density was evaluated by the methods of x-ray structural analysis [1] . The hardness was measured with Rockwell method (scale «C»). Cyclic loading was performed under conditions of symmetrical bending on a testing machine «Saturn-10» at a temperature of +20 C. Treatment of shock voltage (SV) from the electric discharge in water was performed with the installation of bath type «Iskra-23» used for cleaning of foundry products. The electrical pulses formed at a voltage of 15 to 18 kV with energy of 10-kJ and the amplitude of 1-2GPa. Metal processing consisted in the set of pulses number up to 15 thousand, at a frequency of 2-3Hz.
Findings
In the present research when choosing a structural condition of carbon steel as a result of tempering on martensite and annealing 300 C the authors were guided primarily by the need to achieve the simultaneously a high density of crystal structure defects and sufficient endurance under the cy- clic loading metal. The analysis of the microstructure showed that as a result of the treatment (Fig.1 ) the signs of the initial stages of emission of finely dispersed carbide particles on the dislocations, situated in the middle of the martensite strips and at their boundaries were found. Moreover, as it shown in [9] , the evidence of the dislocations recombination beginning, which can result in a decrease of the dislocations density and formation of dislocation nonmonotonicity in the distribution, is the reduction of the contrast image of the microstructure. The observed loss of contrast of an image in separate places of the wide walls of dislocations ( Fig.1 ) with simultaneous decoration of carbon atoms can be regarded as evidence of the almost total absence of mobile dislocations. On this basis, it can be assumed that the majority of dislocations introduced into the metal during the formation of martensite crystal, after the following holidays are not able to move under cyclic loading. To analyze the degree of compliance of the obtained results with known experimental data of the investigated steel after annealing and tempering without cyclic loading was exposed by SV. In state after annealing and tempering the steel 45 had a hardness HRC of 46.6. The obtained values are in fairly good agreement with the known data [3, 11] . After treatment of SV it was found that the hardness increase of 11% (to 51.8 HRC), that does not contradict to data [10, 12] . Thus, the impact impulse from the pressure wave by the nature of its influence on the heat-treated carbon steel should be attributed to the hardening effect.
In Fig. 2 the areas graphs of cyclic loading that correspond to low cycle and the transition region to high-cycle fatigue are shown. Firstly, the curve of cyclic loading steel 45 after tempering and annealing of 300 (curve 1, Fig. 2 ) was received. Further, knowing the number of cycles that a metal can withstand before failure at a certain value of amplitude ( a σ ), the samples loading to about 0,6-0,65 limited endurance was carried out, they were exposed by SV and after that the samples were brought to failure. The value of the limited endurance was estimated as the sum of the number of cycles before the SV and after the final decay at a particular amplitude (curve 2). Comparative analysis of progress curves indicates the possible qualitative differences in the internal structure of the metal with different structural condition under the cyclic loading. For example, for a field of low-cycle fatigue the increases of the loading amplitude is accompanied by a decrease of differences in values of finite life (before and after SV), when a σ =100 2 kg mm is practically absent. Further extrapolation of the curves of cyclic loading in the field of amplitudes exceeding 100 2 kg mm indicates the achieving of the opposite effect: the impulse of the shock wave treatment helps to reduce the limited endurance (Fig. 2) . On the other hand, the reduction a σ regardless of previous processing, is accompanied by a corresponding increase in the number of cycles before failure, національного університету залізничного транспорту, 2015, № 5 (59) and the observed more gently sloping curve run of metal fatigue after SV indicates a fairly effective impact on endurance. Indeed, exposing the carbon steel to the action of pulses of a pressure wave in water, the amplitude of the cyclic loading while achieving the same endurance increases significantly. This is especially noticeable for the transition curves of fatigue. On the other hand, for the same amplitude of the cyclic loading, for example, at 56 2 kg mm , the increase in endurance may exceed 30% (Fig. 2) .
The analysis of changes in the dislocation density after reaching a certain level of limited endurance of metal was conducted with the aim to explain the mechanism influencing the metal of the voltage pulse from the passage of electrical discharge in water. In Fig. 3 the change in the density of dislocations depending on the number of loading cycles and previous treatment is presented. Regardless of the structural state of the metal (without or after SV) a decrease in the amplitude of cyclic loading is accompanied by increase of the accumulated dislocation density in the studied interferences ( ( ) hkl ρ ). Considering that the dislocation density was determined on the fracture surface of the samples, the nature of the change and absolute values should correspond to flat deformed state of the metal formed under the conditions of accelerated fatigue crack growth [2] .
On the other hand, given the increasing role of the static component with increase the degree of overload under the cyclic loading (adequate growth a σ ) [8] , the number of dislocations on the fracture surface should decrease. One explanation of given position is increased with the increase a σ in the proportion of the metal under the conditions of volumetric stress state near the surface of the fracture. On the basis of this the greater extent enrichment of near-surface dislocations of specified amounts of metal should be occurring and, as a consequence, there is a decrease in the dislocation density determined on the fracture surface. Given the dislocation propagation mechanism of plastic deformation, the assessment of its value during the loading cycle will provide the additional evidence regarding the nature of structural changes with increasing toughness of the metal as a result of SV effect. The ratio of the magnitude of plastic strain per cycle of loading ( i ε ) and the achieved number of cycles to failure ( i N ) is subject to the famous Coffin-Manson Equation [2] :
where a and b -are taken as constant and equal to carbon steel of 0.5 and 1 respectively [2] . After conversion of (1), it was received for the dependence assessment of i ε : Substituting in (2) , for the same a σ corresponding values i N , it was found the decrease of deformation per cycle of loading by approximately 20% as a result of processing metal by SV. On this basis, it can be assumed that the process of introducing of additional dislocations in thermally hardened steel from pulse pressure wave is not accompanied by the annihilation events apparently. Moreover, the implementation of the deformation per cycle for the region of high-cycle fatigue is possible and it is ensured by the participation of a smaller number of dislocations. Thus, either the process of SV has the vast number of dislocations that remain mobile and able to interact only at the subsequent cyclic loading, or there is an additional unlock of previously immobile dislocations after the heat strengthening. In general, the detected on the fracture surface after pulsed effect the increased number of dislocations, located in different crystallographic systems can be regarded as evidence of the development rather complicated dislocation reactions, which has provided the increase in endurance of the metal during the cyclic loading process of thermally hardened carbon steel.
Originality and practical value
1. For the transition field to high-cycle fatigue, the result of machining voltage pulses of carbon steel with structure improve the limited endurance increase is accompanied by a decrease in deformation per cycle.
2. With the increase of the amplitude of the voltage cycle, the effect of metal endurance increase from processing of SV reduced.
Metal working by pulses of pressure waves from an electric discharge in water can be used to extend the lifetime of rolling stock parts, which are subjected to cyclic loading.
Conclusions
1. As a result of processing by pulses of the pressure wave of heat-strengthened steel 45 it was found the increase of endurance under cyclic loading corresponds to the increased amount of accumulated dislocations on the fracture surface.
2. The increase of steel endurance under the cyclic loading after pulse treatment is largely associated with the change in the number of mobile dislocations.
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ВПЛИВ ІМПУЛЬСУ НАПРУЖЕННЯ ВІД ЕЛЕКТРИЧНОГО РОЗРЯДУ У ВОДІ НА ВИТРИВАЛІСТЬ ПРИ ВТОМІ ВУГЛЕЦЕВОЇ СТАЛІ
Мета. Дослідження передбачає пояснення впливу імпульсів виникаючого напруження від електричного розряду у воді на величину обмеженої витривалості при циклічному навантаженні термічно зміцненої вуглецевої сталі. Методика. Матеріалом для дослідження була сталь 45 (0,45 % вуглецю) із концентрацією хімічних елементів у межах марочного складу. Зразки для випробувань виготовляли у вигляді пластин за-втовшки 1, шириною 15 і завдовжки 120-180 мм. Структурний стан сталі відповідав гартуванню на марте-нсит від нормальних температур нагріву й відпуску при 300 С, тривалістю 1 год. Мікроструктуру дослі-джували з використанням електронної мікроскопії, густину дислокацій оцінювали за методиками рентге-нівського структурного аналізу. Твердість вимірювали за методом Роквелла (шкала «С»). Циклічне наван-таження здійснювали в умовах симетричного вигину на випробувальній машині «Сатурн-10» при температурі +20 С. Обробку імпульсами напружень від електричного розряду здійснювали у воді на уста-новці ванного типу «Іскра-23», яку використовують для очищення ливарних виробів. Електричні імпульси формувалися при напрузі електричного струму 15−18 кV, з енергією 10−12 кДж та амплітудою 1−2 ГПа. Результати. У результаті обробки імпульсами хвилі тиску термічно зміцненої сталі 45 виявленому збіль-шенню витривалості при циклічному навантаженні відповідає підвищена кількість накопичених дислокацій на поверхні руйнування. Використання рівняння Кофіна-Менсона дозволило виявити зниження деформації за цикл навантаження в результаті виникаючого напруження від електричного розряду у воді. Виявлена на поверхні руйнування (після імпульсної дії) підвищена кількість дислокацій, розташованих у різних крис-талографічних системах, є свідченням розвитку достатньо складних дислокаційних перетворень у структурі сталі, які забезпечили приріст витривалості при втомі. Приріст обмеженої витривалості сталі в результаті імпульсної обробки в значній мірі пов'язаний зі зміною числа рухомих дислокацій. Для області малоци-клової втоми зростання амплітуди навантаження супроводжується зниженням різниці в значеннях обмеженої витривалості (до і після обробки імпульсами напружень). Наукова новизна. Для області бага-тоциклової втоми, в результаті обробки імпульсами напружень вуглецевої сталі зі структурою поліпшення, приріст обмеженої витривалості супроводжується зниженням деформації за цикл. По мірі зростання амп-літуди напруження циклу ефект приросту витривалості від обробки металу імпульсами напружень знижу-ється. Практична значимість. Обробка металу імпульсами хвиль тиску від електричного розряду у воді може бути використана для продовження терміну експлуатації деталей рухомого складу, які піддаються циклічному навантаженню.
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